Detailed Monte Carlo simulations are performed on radiation environment in the LHC IP5 interaction region at the locations of the TOTEM Roman Pots proposed to detect particles produced at very small angles in the elastic scattering and diffraction dissociation processes at the LHC.
INTRODUCTION
The TOTEM Roman Pot (RP) detectors will measure the total pp-interaction cross section, elastic scattering, and diffractive processes at the LHC [I] . These detectors consist of tracking devices placed into special units mounted on the vacuum chamber of the accelerator in the very forward region of the IP5: at 145 to 220 m from the CMS detector. Radiation doses and background particle rates at the RP locations are fundamental inputs to their design. The TOTEM will run at a luminosity not to exceed cm-2 S K I , i.e., ten times lower than nominal. Results of comprehensive studies of energy deposition effects due to pp-collisions are described in Ref. [2] . Accelerator related background in the CMS detector was calculated in Ref.
(31. Here we present results of detailed calculations of radiation effects in the forward detectors due to hothppcoilisions and beam loss for the extended model based on the current version 6.4 lattice [4] . Operational beam loss rates in the vicinity of the detectors are studied taking into account both realistic vacuum distribution and apertures in the entire machine.
MODELING IN IP5
A new detailed calculation model is based on the current LHC lattice, IP5 component description of Ref.
[2], latest advanced version of the MARS14 code system [SI, and upgraded STRUCT code [6] . The MARS model of a 300-111 long section includes all the essential components from the IP5 through the first two MB dipoles (Fig. 1) A realistic vacuum distribution and both elastic and inelastic beam-gas interactions are taken into account. Note that a simplified pressure model and inelastic beam-gas interactions only were considered in Ref. [3] . The residual gas density distributions in strait warm and cold sections as well as in cryogenic arcs were recently estimated for the 1P1 and IP5 [71. The residual gas is represented as a mixture of four molecules (Hz, C&, CO, and COz). The element concentration distribution in the IP5 is shown in Fig. 3 . For the purpose of this study, 
RADIATION LOADS IN TOTEM
At n o d operation conditions and nominal luminosity, the rahation resulting from colliding beam interactions dominates over all other sauces. However, beam loss induced effects may play a role at a reduced luminosity. Fig. 6 shows beam loss distributions in the IPS region calculated with STRUCT for~Beam 1 interactions with the lP3 collimators [3] and residual gas (elastic) around the ring. The rates in the RP vicinity are of the order of hundredth of W/m (on L-side) and are comparable for the two sources. The MARS calculated dynamic heat loads to the separation dipole and outer triplet quadrupoles an the Rside are shown in Fig. 7 for pp-collisions at 10% of the nominal luminosity (Beam I) and beam-gas elastic and inelastic interactions for Beam 2 (contribulion from Beam 1 is negligible here). One sees that at the TOTEM conditions, pp-collisions are still the dominant source of radiation, although at some spats the total accelerator related load is comparable. A relatively small contribution of the beamgasinelasticcomponentherecanbeunderstoodifonetakes intoaccount a very high vacuum (low pressure) in this shon region (dominant for inelastic interactions) compared to the rest of the machine starting at the MB dipoles (elastic interactions) as shown in Fig. 3 .
Full-scale MARS simulations of showers induced in the TOTEM region are performedfor all the sources described 13.0 13.2 13.4 13.6 13.8
14.0
P&h Lrnglh (Lrn, Figure 6 Beam loss rate in the IP5 caused by tails from collimators (symbols) and beam-gas elastic scattering (histogram). above. Calculated are particle fluxes above 0.1 MeV, absorbed dose, energy and angular distributions at the RP silicon sensors as well as radiation loads to accelerator and other components at larger radii in this region. The results revealed that the pp-collisions dominate significantly even at the TOTEM luminosity of cm-' s-l. Backgrounds induced by tails from the collimators and beam-gas elastic and inelastic scattering a x of the order of 0.1-1% of the total rates at the RPs. An example of a 2D distribution of neutron flux is shown in Fig. 8 for the RP5. Table 1 gives the particle fluxes and absorbed dose on the silicon sensors of all the RP detectors calculated at cm-' s-l. Also shown is a distance dsi = IOu+0.5 mm between the inner edge of the RP sensor and beam axis. 
CONCLUSIONS
Detailed calculations performed for the TOTEM Roman Pots in the IP5 region with the upto-date lattice, detector parameters, M A R S model, and realistic vacuum distribution reveal the high background rates on the silicon sensors, exceeding 1012cm-2 of charged hadrons per year with the peak dose of about 100 kGy/yr. We found that the pp-collisions dominate even at 1/10 of the nominal luminosity. with backgrounds induced by tails from the collimators and beam-gas elastic and inelastic scattering contributing O.I-I% to the above values.
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